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A B S T R A C T
Our aim was to determine the possible relationship between anterior knee pain (AKP) and nail position marked as a
distance from tip of nail to tibial plateau (NP) and to the tuberositas tibiae (NT). Nail position has an influence on ante-
rior knee pain after tibial intramedullary nailing. We evaluated postoperative outcome results of 50 patients in the last 3
years with healed fractures initially treated with intramedullary (IM) reamed nails with 2 or 3 interlocking screws on
both parts of the nail and with the use of medial paratendinous incision for nail entry portal. Patients marked a point on
the visual analog scale (VAS) that corresponded to the level of postoperative AKP felt. Two groups of patients were formed
on the basis of AKP (pain level was neglected): groups A and B, with and without pain, respectively. The difference be-
tween the two groups concerning NP measurements was statistically significant (p<0.05), but not concerning NT mea-
surements at the p<0.05 level. Patients were classified by pain with high accuracy (98%) according to a classification
tree. Symptoms of AKP did not appear if the tip of the nail position was more than 6.0 mm from the NP and more than
2.6 mm from the NT. However, for better evaluation of these results it will be necessary to examine a larger number of
postoperative patients with AKP.
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Introduction
Multiple studies have shown that the outcome of
treatment of a tibial shaft fracture using locked intrame-
dullary (IM) nailing is superior to that of cast treat-
ment1–10. Anterior knee pain (AKP) is a very common
complication after IM fixation of a tibial shaft fracture.
The etiology of pain is often not known8. The use of the
central patellar tendon splitted approach, nail protrusion
observed on radiographs, and the insertion of a non-lock-
ing IM nail were all significant risk factors for AKP after
surgery. All these risk factors should be avoided in tibial
nailing to decrease the problem of postoperative knee
pain10.
The purpose of this prospective study was to deter-
mine if there is an association between AKP and nail po-
sition. We analyzed postoperative outcome results and
the possible relationship between AKP according to the
visual-analog scale (VAS) scale, and the distance (mm) of
the nail from the tip of the nail to the tibial plateau (NP)
and tuberositas tibiae (NT) was measured postopera-
tively on L-L knee X-rays.
Materials and Methods
In our prospective trial we evaluated postoperative
outcome results of 94 patients with tibial shaft fractures
in the Department of Traumatology in the last 3 years
with a yearly follow-up visit per patient. All of them were
treated with IM reamed nails with 2 or 3 interlocking
screws on both ends of the nail. We invited all of the 94
patients for a physical examination. Fifty one patients
came to our physical examination, and out of these one
patient had his limb which was operated on amputated
because of vascular disease and therefore was excluded
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from our study. Twenty eight out of 50 patients that were
included in our study were male (mean age 54 years), and
22 were female (mean age 47 years). Each patient was
fully informed about the purpose of the trial, expected
benefits, possible risks, as well as all the other details per-
taining to the study. This trial was conducted with the
written consent of each subject and approval by the Univer-
sity of Zagreb, School of Medicine’s Ethics Committee.
In our study, we analyzed postoperative outcome re-
sults and the possible relationship between AKP after
tibial nailing and nail position. All of our patients’ opera-
tions were performed using the paratendinous approach.
A medial longitudinal incision was made, with care being
taken not to damage the patellar tendon or its sheath
(Figures 1–3). Standard proximal and distal locking screws
were used (Figure 4). Postoperative immobilization with
a cast was not used. Patients were allowed partial bear-
ing on the operated side for 12 weeks, then full weight
bearing for 12 weeks post-surgery. All patients were
given postoperative instructions for thigh muscle reha-
bilitation and the same physiotherapy was performed af-
ter IM nailing during hospitalization. Nails were re-
moved from some of the patients with the presence of
knee pain or pain at the insertion points of the locking
screws, however, no nails were removed earlier than one
year postoperatively. Proof of the healed bone fracture
was confirmed by radiologic examination.
VAS pain score was obtained by the patients marking
a 10 cm VAS line at a point that represented the chronic
AKP they experienced, with 0 denoting no pain and 10
denoting the worst pain the patient could imagine. Two
groups of patients were formed on the basis of the pres-
ence of pain related to AKP (the level of pain was ne-
glected): Group A with pain and Group B without pain.
All patients’ interviews were conducted by the same phy-
sician. The distance of the nail position from the proxi-
mal tip of the nail to the NP and to the NT was measured
(Figure 5). Measurements performed on the knee with
postoperative L-L radiographs were confirmed by two in-
dependent intra- and inter-observers.
Statistical analysis was performed using the Statis-
tical Package for the Social Sciences (SPSS) statistical
software program version 16.0 (SPSS Inc., Chicago, IL,
USA). Student’s t-test was used to test if the means of
groups A (with pain) and B (without pain) in NP and
NT measurements differ in comparison. The c2-test
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Fig. 1. Operative approach. A medial longitudinal incision is
shown in the figure.
Fig. 2. LL X-ray of nail entrance point.
Fig. 3. AP X-ray of nail entrance point.
was used to test the association between the existence of
pain and sex. Boundaries for NP and NT measurements
which divide patients with and without the pain were re-
vealed using classification trees (QUEST algorithm). Sig-
nificance was set at p<0.05.
Results
Out of 50 patients that came to an exam, no patient
had complications, such as deep or superficial infections,
compartment syndrome, broken hardware, or patellar
tendon rupture. The distance from the proximal tip of
the nail to the tibial plateau varied from 32 mm below
the plateau to 6 mm over the plateau (the tip of the nail
was intrarticular in 2 patients) with a mean value of 9.6
mm below the tibial plateau. The distance from the tip of
the nail to the tuberositas tibiae varied from 10 mm be-
low the cortical bone of the tibia to 7 mm over the cortical
bone of the tuberositas tibiae with a mean value of 1.8
mm below the cortical bone of the tibia.
Twenty four out of fifty examined patients had symp-
toms related to surgery (Figure 6). Nine patients com-
plained of anterior knee pain (VAS range 4 – 6). Four of
them had anterior knee pain only when kneeling. Nine
patients had pain at the insertion point of proximal
and/or distal screws. One patient had isolated ankle pain.
One patient had isolated sensory changes in the knee re-
gion. Two patients had posterior knee pain in maximal
flexion of the knee. Two patients had preoperative com-
bination fractures of the tibial condyle and tibial di-
aphisis and complained of knee pain. Two patients had
the tip of the nail intraarticular, but one of them had no
symptoms (Figure 7). The measurements on knee X-rays
showed that Group A patients had nails implanted 10
mm or less from the NP and 4 mm or less from the NT.
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Fig. 5. Measured distances (mm) of the nail tip to the tibial pla-
teau (NP) and to the tuberositas tibiae (NT).
Fig. 6. Patients in study. Shows patient symptoms related to surgery.
Fig. 4. Postoperative X-rays of tibial fracture. Shows the use of
standard proximal and distal locking screws.
Group B patients had nails implanted 6 – 32 mm from
NP and 0 to 10 mm from NT.
The difference between groups A and B, concerning
NP measurement was statistically significant (p<0.05),
while the difference between groups concerning NTmea-
surement was not statistically significant at p<0.05 le-
vel. According to the chi-square test, there was no associ-
ation between the presence of pain and sex (p<0.05).
Using a classification tree, we found that the insertion
point of the tibial nail should be medial to the patellar
tendon and the tip of the nail should be more than 6.0
mm from the tibial plateau and more than 2.6 mm from
the tuberositas tibiae. The classification tree correctly
classified 49 out of 50 patients according to the presence
of pain; an accuracy of 98%.
Discussion
Although the percentage of patients with AKP in this
study is relatively low compared to the percentage found
in the literature (10% vs. 20–70%)6,10, there were addi-
tional pain symptoms that patients complained about.
Multiple factors are described to influence AKP: nail
prominence1, younger age of the patient2, deficiency in
the flexion strength of the thigh muscles8, insertion of a
non-locking IM nail10, female sex1, and smaller plateau
width1. Dissection of the patellar tendon and its sheath
during nailing is thought to be a contributing cause of
chronic AKP (15). The paratendinous vs. transtendinous
approach was reported to lower the incidence rate of
AKP3,10, but the most recent reports on the basis of sim-
ple functional tests and the ultrasound investigation of
patients’ patellar tendons6,11, suggest it does not appear
to make any difference which approach is used.
Although Vaisto et al.7 suggested that in the long term
patients seem to be relieved from AKP upon nail re-
moval, we found that the nail removal resolved or im-
proved the pain symptoms in all cases. Bhattacharyya et
al.1 found that subjective knee pain was more common in
women. There was no association between the presence
of pain and sex in our study. However, evidence shows the
importance of the implantation site of the nail regarding
AKP. Bhattacharyya et al.1 suggested that nail promi-
nence is correlated with increased knee pain and
concluded that anterior nail prominence was associated
with increased pain at rest, while superior nail promi-
nence caused increased pain with kneeling and walking.
Surgeons can decrease, but not eliminate, the severity of
knee pain after tibial nailing by burying the tip of the
nail as reflected on lateral radiographs1. Still, previously
published studies have not emphasized the main reason
for the degrees of knee pain.
In a healthy patellar tendon, the innervation is con-
fined to the paratenon, whereas the tendon proper is de-
void of nerve fibers. Also, the infrapatellar fat pad of the
knee joint has innervation. The resurgence of interest
in the infrapatellar fat pad has arisen from its perceived
involvement in AKP12. These include direct injury to
the fat pad, and impingement syndromes resulting from
repetitive microtrauma or following acute trauma to the
fat pad13, such as during the managing of the nail entry
point. Bennell et al.14 reported that the source of the
capsule, patellar tendon, meniscal synovial junction,
and infrapatellar fat pad innervation is the posterior ar-
ticular branch of the posterior tibial nerve, while Gard-
ner et al.11 described the innervation of the antero-
medial portion of these structures arise from branches
of the saphenous, tibial, and obturator nerves and the
nerve to the vastus medialis, while the anterolateral por-
tion is supplied by articular branches from the nerve to
the vastus lateralis, and the tibial, recurrent peroneal,
and common peroneal nerves11. Also, the innervation
pattern of the area dorsal to the patellar tendon is un-
der marked influence by the sympathetic nervous sy-
stem15. Such an extensive nerve supply has important
clinical implications regarding the variety of possible
pain patterns15–17.
On the basis of our results from two different groups
regarding AKP, we confirmed an association between
AKP and nail position. We presume that the position of
the proximal tip of the nail and its negative influence on
the innervation pattern of the area dorsal to the patellar
tendon could be the key factor of AKP. Altered sen-
sory-sympathetic innervation has implications in the pa-
thophysiology of AKP.
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Fig. 7. Postoperative outcome. Illustrates various postoperative outcomes in patients.
In our study, there was a statistically significant dif-
ference between two groups concerning NP measure-
ments (p<0.05). However, a significant difference was
not found in NT measurements between the two groups
at p<0.05 level. Patients were classified by pain with a
high accuracy according to the classification tree. We
conclude that the symptoms of AKP will not appear if the
tip of the tibial nail position is more than 6.0 mm from
(NP) and more than 2.6 mm from (NT). Our study may
provide useful therapeutic procedures to enhance the
postoperative outcome after IM fixation of a tibial shaft
fracture. Additionally, this study could provide signifi-
cant educational value as the nailing methods used may
influence the traditional method of IM nailing.
The limitation of this study is that a small number of
patients are used to draw conclusions about the influ-
ence of nail position on AKP after tibial IM nailing. A fu-
ture randomized control trial involving a large number
of patients could provide more insight into the relation-
ship between AKP and nail position.
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POLO@AJ ^AVLA UTJE^E NA PREDNJU KOLJENSKU BOL NAKON INTRAMEDULARNE
OSTEOSINTEZE POTKOLJENI^NE KOSTI
S A @ E T A K
@eljeli smo odrediti mogu}u povezanost izme|u prednje koljenske boli (AKP) i pozicije ~avla ozna~ene kao udaljenost
vrha ~avla od tibijalnog platoa (NP) i od tuberositasa tibije (NT). Istra`ili smo poslijeoperacijske rezultate 50 bolesnika
u posljednje 3 godine sa zaraslim prijelomom potkoljeni~ne kosti primarno tretiranim intramedularnim (IM) boranim
~avlom. Bolesnici su ozna~avali to~ku na analognoj skali boli (VAS) koja je odgovarala stupnju poslijeoperacijske AKP
koju su trpili. Formirano je dvije grupe bolesnika na temelju AKP: grupa A, sa boli, i grupa B, bez boli. Razlika izme|u
dvije grupe bolesnika bila je statisti~ki zna~ajna (p<0,05) obzirom na mjerenje NP udaljenosti, no ne i obzirom na
mjerenje NT udaljenosti. Simptomi AKP se nisu pojavili ako je vrh ~avla bio za vi{e od 6,0 mm udaljen od NP i vi{e od
2,6 mm od NT. Pozicija ~avla ima utjecaj na prednju koljensku bol nakon intramedularne osteosinteze prijeloma pot-
koljeni~ne kosti.
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